Introduction: This study investigates how alcohol use contributes to the social gradient in sickness absence. Other factors assessed include lifestyle factors (smoking, physical activity and body mass index), physical and psychosocial working conditions. Methods: The study used baseline data from the Stockholm public health cohort 2006, with an analytical sample of 17,008 respondents aged 25-64 years. Outcome variables included self-reported short-term (< 14 days) and register-based long-term (> 14 days) sickness absence. Socioeconomic position (SEP) was measured by occupational class. Alcohol use was measured by average weekly volume and frequency of heavy episodic drinking. Negative binominal regression was used to estimate sex-specific SEP differences in sickness absence, before and after adjusting for alcohol use and the additional explanatory factors. Results: Adjusting for alcohol use attenuated the SEP differences in long-term sickness absence by 20% for men and 14% for women. Alcohol use explained a smaller proportion of the differences in shortterm sickness absence. Alcohol use in combination with other lifestyle factors attenuated the SEP differences (20-35%) for both outcomes. Physical working conditions explained more than half of the gradient in long-term sickness absence, whereas psychosocial conditions had greater impact on short-term sickness absence among men. Discussion/Conclusion: Alcohol use explains a substantial proportion of the SEP disparities in long-term sickness absence among men. The effect is smaller among women and for short-term sickness absence. Our findings support the notion that physical working conditions constitute the key explanatory variable for SEP differences in long-term sickness absence, but add that psychosocial working conditions have greater impact on the gradient in short-term sickness absence among men.
Introduction
Sickness absence causes significant costs for the individual and society and is an important indicator of working ability and health among employees [1] [2] [3] . There is also evidence that sickness absence predicts other adverse outcomes, including disability pension and mortality [4] [5] [6] . In line with most other major health outcomes, the distribution of sickness absence tends to be socially patterned, with higher rates among groups with lower socioeconomic position (SEP) [7] [8] [9] [10] . The mechanisms and pathways underlying this social gradient in sickness absence have not been fully identified in the research literature [7] . However, recent research indicates that a substantial proportion of the gradient may be explained by a host of factors that are both more prevalent in groups with lower SEP, and increase the risk of sickness absence. Physical working conditions appear to be the strongest explanatory factor in this context, but psychosocial working conditions and lifestyle behaviours have also been found to contribute significantly to the gradient [8] [9] [10] [11] [12] .
Alcohol use is one factor that, despite its plausible importance in this context, has received less attention. It is well established that alcohol consumption is related to a wide range of chronic and acute health outcomes, including sickness absence [13] [14] [15] [16] [17] [18] [19] [20] . Single bouts of heavy episodic drinking (HED) occasions that result in intoxication and subsequent hangover may impair work capacity and increase the risk for short-term sickness absence. Acute intoxication is also related to an increased risk for accidents and injuries, which account for a significant part of all sickness absence [21] . Moreover, chronic heavy drinking increases the risk for many somatic and psychiatric diseases; the latter comprise one of the main groups of diagnoses behind sickness absence [2] . In line with this, the economic burden of alcohol-related work absence has been found to be substantial. At the global level, the yearly cost of alcohol-related work absence has been estimated to be 30-65 billion dollars, corresponding to > 10% of the total global cost of alcohol [16, 22] .
Considering that alcohol-related health outcomes also tend to show a social gradient that is steeper than for other outcomes, for example, total mortality [23] [24] [25] , it would be reasonable to hypothesize that a significant proportion of the socioeconomic differences in sickness absence may be explained by an unequal exposure to harmful alcohol use across socioeconomic groups.
However, previous studies of the link between SEP and sickness absence tend to include alcohol use in an aggregated measure of lifestyle behaviours rather than as a single explanatory variable [8, 11, 12] , thus hampering assessments of the specific contribution of alcohol in this context. Moreover, most studies have considered only one dimension of alcohol consumption, that is, average volume [9, 11, 12] , possibly missing out on the risks of different alcohol use patterns. Within alcohol epidemiology, it is well established that both volume of consumption and pattern of drinking (e.g., frequency of HED) should be considered when assessing the link between alcohol use and health outcomes [15] . In fact, recent re-search suggests that HED, rather than volume of consumption, contributes to the socioeconomic differences in health outcomes such as alcohol-related morbidity and total mortality [26, 27] .
The present study aims to overcome the limitations of earlier research on the contribution of alcohol use to the social gradient in sickness absence. To this end, we will estimate the specific contribution of alcohol use (including measures of both levels and patterns of drinking) to the socioeconomic differences (measured by occupational class) in sickness absence, using a large representative public health cohort from Stockholm County. Building on previous research, we also assess the contribution of other factors, including lifestyle factors (smoking, physical activity, and body mass index [BMI]), and physical and psychosocial working conditions. To further strengthen our approach, we include 2 outcome measures that may have a differential association with alcohol use and the other explanatory variables: self-reported short-term (< 14 days) sickness absence and long-term, register-linked sickness absence (measured after day 14) . Seeing that the SEP differences in alcohol-related harm tend to be larger for more severe consequences, such as alcohol-related morbidity, a plausible hypothesis in this context would be that alcohol accounts for a more substantial proportion of the social gradient in long-term than in short-term sickness absence.
Material and Methods

Study Population
The analyses were based on data from the 2006 baseline of the Stockholm Public Health Cohort (SPHC). SPHC is a cohort study with data from an area-and sex-stratified random sample of residents in Stockholm County, Sweden. SPHC data collection procedures and response rates are described in full elsewhere [28] . The SPHC survey is sent out every fourth year and comprises questions on health, lifestyle, social relations, housing, finances, occupation, work environment and sickness absence. To mitigate sampling error and attrition bias, the SPHC employed calibrated weights computed by Statistics Sweden using registerbased auxiliary data on age, sex, country of birth, area of residence, marital status, income and educational level, along with their covariation with survey-based data [28] . Out of the sample frame in 2006 (56,634 individuals aged 18-84), 34,707 individuals (61%) responded. Respondents who were between 25 and 64 years of age, employed or engaged in similar activity daily and who had responded to questions about all the variables studied, constituted the analytical sample for the present study (n = 17,008). Respondents younger than 25 years at baseline were excluded to allow more established SEP. In the analyses of longterm sickness absence, we also excluded respondents with register-based (> 14 days) sickness absence in the year before baseline, resulting in a study sample of n = 15,983. DOI: 10.1159/000504437
Measures
Outcome
The study included 2 outcome measures. Data on short-term sickness absence was obtained by self-reported information and measured at baseline by the question "Have you been on sick leave in shorter spells (< 14 days in a row) the last 12 months?", with 5 response options: no, 1, 2-4, 5-9 and 10 times or more. We coded these options into 0, 1, 3, 7 and 10 and used the variable as a count outcome in the analyses. Information on longterm sickness absence was obtained by record linkage to the Swedish social insurance registers, compiled by the Swedish Social Insurance Agency (Försäkringskassan). In the Swedish insurance system, the first 14 days of a sickness absence spell (minus the first "qualifying" day) is covered by the employer. From day 14 onwards, the sickness benefits are paid out by the Social Insurance Agency and registered in the social insurance registers. Consequently, the register includes number of sickness absence days, after day 14. As outcome for long-term sickness absence, we counted the number of sickness absence days (after day 14) that occurred between entry into the study (14 September 2006 at earliest) until date of emigration, retirement by age, disability pension, death or end of follow-up (December 31, 2008).
Exposure: SEP
In line with previous studies, SEP was measured by occupational class [8] [9] [10] . The information was retrieved from the baseline survey where the respondents indicated their current (or previous) occupation, which was categorized into 6 groups according to the Swedish socioeconomic classification of occupations [29] : unskilled workers, skilled workers, lower non-manual employees, intermediate non-manual employees, higher non-manual employees and self-employed. The 2 lowest SEP groups, unskilled and skilled workers, displayed similar associations with both the outcome and explanatory variables and were therefore collapsed into 1 group: manual workers.
Explanatory Variables
Alcohol use was measured in 2 ways. One was the average volume of weekly alcohol consumption (in grams 100% alcohol/week) during the last 12 months, categorized into 4 groups with different cut-offs for men and women [30] : abstainers (0 g), light (1 up to 84 g), moderate (84-252 g for men, 84-168 g for women) and heavy drinkers (> 252 g for men, > 168 g for women). The other was the frequency of HED, defined as the number of occasions when the amount of alcohol consumed corresponded to at least 120 g 100% alcohol during the previous 12 months, divided into 5 groups: abstainers, drinkers with no HED, HED 1-6 times per year, HED 1-3 times a month, HED once a week or more often. It should be noted that the threshold for HED is high, by European standards. Still, it has been shown to contribute to socioeconomic differences in alcohol-related morbidity and total mortality in 2 previous studies [26, 27] .
Other lifestyle factors included smoking, physical activity and BMI. Smoking was categorized into non-smoker (never smoked daily), current daily smoker, and former daily smoker (during at least 6 months). Physical activity was based on reported workouts in leisure time during a normal week the previous year, and categorized into 3 groups: inactive, moderately active, and frequently active. BMI was categorized by established cut-points; underweight (< 18.49), average weight (18.5-24.99), overweight (25-29.99 ) and obese (> 30).
Working conditions: Physical working conditions were assessed by a question measuring the physical workload [10] : "How much have you moved or exerted yourself physically at work during the past 12 months?" with the response alternatives: sedentary work (your job is predominantly sedentary); light physical work (your work involves moving/walking around a lot, but no heavy lifts); moderately heavy work (your work involves moving/walking around a lot, some heavy lifts, and/or walking on stairs or slopes); and heavy work (your work involves lifting heavy objects and exerting a lot of physical effort). The responses were coded into a variable with the categories: sedentary work, light work, moderately heavy work and heavy work.
Psychosocial working conditions were assessed by 8 questions measuring the degree of job control and job demands. The questions were derived from the demand-control model that builds on the notion that employees who do not have sufficient job control to meet the demands of their job will experience job strain, which in turn is related to increased risk of several health outcomes, including sickness absence [31, 32] . The questions were combined into a variable with the categories: high strain (low control with high demands); passive work (low control with low demands); active work (high control with high demands); and low strain (high control with low demands).
Initial analyses revealed significant interaction between sex and SEP in relation to both short-term and long-term sickness absence. Therefore, we stratified the main analyses by sex. All models were adjusted for the background covariates age (as a continuous variable) and country of birth, coded into 5 groups: Sweden, Scandinavia (except Sweden), Europe (except Scandinavia), Middle East and North Africa, and all other countries.
Statistical Analyses
In line with previous studies, we used generalized linear model regression to estimate SEP differences in the risk for sickness absence [8, 9] . Since the distribution of both outcomes was overdispersed, we applied Negative binomial regression (rather than Poisson regression). The regression estimates express rate ratios (RR), and their 95% CI. For long-term sickness absence, we included an offset variable measuring the logarithm of person-time at risk in the study, calculated from the date a participant entered the study (September 14, 2006 at earliest) until being censored by date of emigration, retirement by age, disability pension, death or end of follow-up (December 31, 2008). The Statistics Sweden calibration weights mentioned above under "Study population" were used to ensure that the study sample was representative of the target population of Stockholm County in terms of the major sociodemographic and health-related determinants [28] .
In a first step, we estimated the individual association with short-term and long-term sickness absence for each of the explanatory variables (adjusted for age and country of birth). Next, we estimated crude models including SEP (adjusted for age and country of birth), followed by a series of models with separate adjustment for alcohol use, alcohol use + lifestyle factors, physical and psychosocial working conditions. Finally, we estimated a fully adjusted model where all explanatory variables were entered concurrently. Each model displays the RR of sickness absence among the Socioeconomic Differences in Sickness Absence 43 Eur Addict Res 2020;26:40-51 DOI: 10.1159/000504437 most disadvantaged (manual workers) compared to the most advantaged SEP group (higher non-manual employees).
The contribution of the explanatory variables on the SEP differences in sickness absence was estimated by calculating the percentage reduction in the RRs, after adjustment of the explanatory variables at issue, using the following formula:
(RR unadjusted -RR adjusted )/(RR unadjusted -1) × 100
In addition, we conducted sensitivity analyses with (i) the crude models adjusted for each alcohol use variable separately, (ii) models including having > 100 days of long-term sickness absence during follow-up as outcome, and (iii) the crude models adjusted for alcohol use after exclusion of abstainers. The results of these analyses are not reported in tables but are commented and discussed in the text.
Results
Tables 1 and 2 show the distribution of alcohol use, other lifestyle factors and working conditions across the SEP groups. The prevalence of the variables generally shows a marked social gradient for both sexes. Compared to the least disadvantaged SEP group (higher non-manual employees), respondents in the most disadvantaged SEP group (manual workers) were more likely to be heavy drinkers, to HED once a week or more often, smoke daily be obese and be sedentary in leisure time. With regard to working conditions, manual workers more often reported heavy working conditions and high work strain. Exceptions to the gradient included heavy drinking among women, where the prevalence was somewhat lower among manual workers (6%) than among higher-non manual employees (9%). Moreover, for both sexes, the proportion of abstainers was highest among manual workers. Tables 3 and 4 show the individual association between each explanatory factors and short-term and longterm sickness absence, adjusted for age and country of birth and stratified by sex.
The Association with Sickness Absence for Each of the Explanatory Variables
Volume of consumption was significantly associated with both short-term and long-term sickness absence among men and women. The associations generally revealed U-shaped risk functions, with elevated rates of sickness absence among abstainers and heavy drinkers relative to moderate drinkers. For instance, heavy drinkers had between 50 and 70% higher rates of long-term )  23  30  24  46  23  27  Active  31  33  51  45  60  45  Passive  15  15  7  4  4  9  High strain  32  23  18  5  13  19 All p values for trend across SEP categories <0.001 (χ 2 ). MW, manual workers; LNME, lower non-manual employees; INME, intermediate non-manual employees; SE, self-employed; HNME, higher non-manual employees; HED, heavy episodic drinking; BMI, body mass index; SEP, socioeconomic position. . The corresponding estimates for abstainers were somewhat larger, with a > 2fold increase in rates of long-term sickness absence for both sexes.
Socioeconomic Differences in Sickness
Frequency of HED was significantly related to risk of short-term sickness absence among both sexes. Respondents with HED once a week or more often, had between 30 and 50% higher rates of short-term sickness absence compared to drinkers with no HED. However, for longterm sickness absence, we only found a significant association among men. Here HED once a week or more often was associated with a twofold (2.14 [1.27-3, 58]) increase in rates of long-term sickness absence relative to drinkers with no HED.
For all remaining lifestyle and working condition variables, individuals belonging to the most disfavoured category evidenced considerably higher levels of both self-reported and register-based sickness absence. Still, some differences between the 2 outcomes were revealed. For instance, being a current daily smoker, having an inactive leisure time (in men) or physically heavy work was more strongly associated with long-term than shortterm sickness absence for both sexes. 
The Contribution of Alcohol Use, Other Lifestyle Factors and Working Conditions to SEP Differences in Sickness Absence
The results revealed a social gradient in sickness absence for both outcomes (Tables 5, 6 ). The largest differences were found for long-term sickness absence. Here, manual workers had approximately 4 times higher rates of sickness absence compared to higher nonmanual employees among men, and > 2 times higher among women. The corresponding SEP differences in self-reported sickness absence were somewhat lower, with RRs of 1.73 (1.54-1.94) for men and 1.44 (1.29-1.59) for women.
Adjustment for alcohol use (model 2) attenuated the SEP differences in long-term sickness absence by 20% among men and 14% among women. For short-term sickness absence, the contribution of alcohol use was somewhat smaller, with attenuations of 11% among women and 6% among men. Including alcohol use in combination with the other lifestyle factors (model 3) resulted in larger attenuations of the SEP differences: approximately 30% for both outcomes among women and for long-term sickness absence among men, and 20% for short-term sickness absence among men.
The largest attenuations of the SEP differences in sickness absence were obtained after adjustment for physical working conditions (model 4). However, for men, this factor had a considerably larger statistical effect on the SEP differences in long-term compared to short-term sickness absence. The attenuations of longterm sickness absence amounted to just over 50% for both sexes. The corresponding attenuations for self-reported sickness were somewhat lower, 30%, for women, and only marginal at around 5% for men. Conversely, adjusting for psychosocial working conditions (model 5) led to larger attenuations in short-term (29%) compared to long-term (0%) sickness absence for men and to smaller attenuations in both outcomes (6-7%) for women.
In the fully adjusted model, where all explanatory variables were included concurrently, the largest attenuation, just over 70%, was found for long-term sickness absence, whereas the reduction was somewhat smaller, around 50%, for short-term sickness absence.
Sensitivity Analyses
In additional analyses, we estimated the separate contribution of volume of consumption and frequency of HED (results not shown). The findings showed that volume of consumption accounted for a considerably smaller proportion of the social differences in long-term sickness absence among men (3%) than the measure of HED (17%). However, among women, and in the analyses of short-term sickness absence, the attenuations attributed to each aspect of alcohol use measure were similar. Next, we included having > 100 days of register-based sickness absence during follow-up as outcome (results not shown). The crude RRs for SEP were somewhat larger in these analyses, 5.34 (2.49-11.45) for men and 2.81 (1.73-4.56) for women. Moreover, compared to our main analyses, adjusting for alcohol use resulted in a larger attenuation, 18%, among women. For the remaining models, the estimates and attenuations were basically similar to those in the main models.
Finally, to assess whether the effect of alcohol use could be attributed to the increased risk for sickness absence among abstainers, we fitted models that excluded this group. Adjusting for alcohol use in these analyses resulted in attenuations that were similar to those in the main models for men. However, for women, the attenuation for both long-term and short-term sickness absence became only marginal, at approximately 5%.
Discussion/Conclusion
Our study is the first to estimate the individual contribution of alcohol use to SEP differences in short-term and long-term sickness absence, taking into account the contribution of both levels and patterns of drinking.
Overall, our findings revealed that the role of alcohol use for the social gradient in sickness-absence varies across the outcomes and between the sexes. The largest contribution was found for long-term sickness absence, and especially among men, where alcohol use statistically explained about a fifth of the differences in sickness absence between manual workers and higher non-manual employees. Conversely, alcohol use only explained a marginal proportion, 6%, of the socioeconomic differences in short-term sickness absence among men. In women, alcohol use also explained a larger proportion of long-term than of short-term sickness absence, but the difference between the outcomes was more modest, with attenuations of 14 and 11% respectively.
The finding that alcohol use accounts for a larger proportion of the social gradient in long-term sickness absence most likely reflects that the social gradient in alcohol-related harm also tends to be steeper for more severe consequences, for example, alcohol-related morbidity, which in turn are more closely related to long-term than short-term sickness absence. In fact, for men, the proportion of the social gradient in long-term sickness absence that was explained by alcohol use is similar to what we have previously found in relation to alcohol-related disorders [27] . In line with previous research on the role of alcohol use for the social gradient in health outcomes such as alcohol-related morbidity and total mortality, we also found that frequency of HED, rather than volume of consumption, contributes to the gradient in long-term sickness among men [26, 27] . This may partly be attributed to the social gradient being steeper for HED, and that HED had a stronger effect on long-term sickness absence than volume of consumption in our sample. On the other hand, HED explained less of the SEP differences in long-term sickness absence among women. This might be due to the HED measure having a high threshold, corresponding to, for example, at least 2 bottles of wine per occasion, resulting in a low prevalence among women (only 2% reported HED at least once a week, compared to 8% among men). Hence, owing to power issues and/or failure to identify women whose behaviour included HED at lower levels, it is possible that the contribution of alcohol use to the social gradient in sickness absence among women is somewhat underestimated in the present study. Still, taken together, our findings underline the importance of including valid measures of both levels and patterns of drinking to avoid underestimating the role of alcohol use for social disparities in sickness absence.
It should also be mentioned that we, in line with previous studies, found a U-shaped risk-function between alcohol use and sickness absence, with increased risk among abstainers and heavy drinkers [17, 20, 33] . In relation to this, our sensitivity analyses revealed that alcohol use accounted for considerably less of the SEP-differences in sickness absence among women, after we excluded abstainers from the sample. Still, it is not evident how the effect of abstainers should be interpreted in this context. On the one hand, the increased risk for sickness absence among abstainers may indicate a protective effect of moderate consumption, in which case the effect of alcohol use on the social gradient in sickness absence among women largely may be attributed to abstainers being overrepresented in lower SEP groups. On the other hand, the increased risk among abstainers may also be attributed to sick quitter bias, that is, that individuals tend to abstain from alcohol due to former drinking problems and/or other health problems [16, 33] . Hence, to obtain a more valid assessment of what degree the increased risk for sickness absence in this group is due to actual abstention, or to former alcohol problems, the group of abstainers needs to be stratified into former drinkers and lifetime Eur Addict Res 2020;26:40-51 DOI: 10.1159/000504437 abstainers. Unfortunately, we did not have this information in the present study.
In relation to previous research, our estimated contributions of alcohol use to SEP differences in sickness absence are considerably larger than what previously have been reported by a Finnish study of medically certified sickness absence (> 4 days) among municipal employees [9] . The differences in results may partly be explained by that the Finnish study only controlled for a crude measure of weekly drinking and failed to take into account the effect of HED. Still, our finding that alcohol use in combination with other lifestyle factors (smoking, physical activity and BMI) account for 20-35%, of the SEP-differences in both outcomes are in line with the findings by Laaksonen et al. [9] , but somewhat larger than what Christensen et al. [8] found for long-term sickness absence (exceeding 8 consecutive weeks) in a Danish population sample.
In line with previous research, we also found physical, rather than psychosocial working conditions, to be the key explanatory variable for SEP differences in long-term sickness absence [8] [9] [10] 12 ] -with more than half of the gradient attributed to this factor among men and women. This finding may largely be attributed to the unequal exposure to heavy working conditions across the occupational classes, and probably reflects that physical impairment may cause more long-term inability to carry out work tasks among manual workers compared to higher occupational classes [9, 10] . However, what our study adds to previous findings is that physical working conditions seem to be of little importance for the SEP differences in self-reported short-term spells (< 14 days) of sickness absence among men. Conversely, for this less severe outcome, psychosocial working conditions appear to have a greater impact among men.
Finally, there are indications from previous research that working conditions may explain a part of the relationship between alcohol use and sickness absence [34, 35] . It is thus possible that low SEP employees tend to use alcohol as a coping strategy for adverse working conditions, resulting in both problematic drinking and related sickness absence. In this case, the alcohol effect on the social gradient in sickness absence would be partly spurious. To address this issue, we conducted 2 additional analyses (not shown). First, we adjusted the bivariate associations between alcohol use and sickness absence for working conditions, which did not materially affect the estimates. Second, to test whether alcohol use had an effect on the SEP differences sickness absence, over and above working conditions, we added alcohol use to the models including working conditions. In all cases, the SEP differences were further attenuated, indicating that alcohol use has an effect on the social gradient in sickness absence, independent of working conditions. Strengths of this study included a large representative sample, information on both self-reported and registerbased sickness absence as well as a prospective study design. Moreover, the calibrated weights used for the SPHC data account for socioeconomic differences and, therefore, balance possible under-representation of low SEP groups. Some limitations of the study should also be noted. First, there is most probably an under-representation of heavy and problem drinkers in the sample, implying that the effect of alcohol on sickness absence is somewhat underestimated. Second, although our finding that SEP differences are smaller for short-term than long-term sickness absence is in line with previous studies [36, 37] , the results for short-term sickness absence should be regarded with more caution. Considering that short-term sickness absence was measured by self-reports and long-term absence by registry data, there is a larger risk of underestimating the actual levels of shortterm sickness absence as well as the SEP differences for this outcome. Third, the cross-sectional study design for short-term sickness absence implies poorer prospects of establishing causality. For instance, it is possible that the occurrence of short-term sickness absence may have had an effect on how the respondents report on their psychosocial work environment. Finally, alcohol use and the other explanatory factors were only measured at baseline. Recent studies indicate that accounting for changes in health behaviours over time tends to result in larger estimates of their effects on socioeconomic differences in health [38, 39] .
Conclusion
Alcohol use explains about a fifth of the SEP differences in long-term sickness absence among men. The explanatory effect of alcohol is smaller among women (where it also partly is attributable to abstainers being overrepresented in the lowest SEP group) and for shortterm sickness absence. However, alcohol use -in combination with other lifestyle factors, including smoking, physical activity and BMI -accounts for a more substantial part of the relationship for both outcomes. Moreover, our findings support the notion that physical working conditions constitute the key explanatory variable for SEP differences in long-term sickness absence. Finally, DOI: 10.1159/000504437 our study also adds that psychosocial working conditions have a greater impact on the social disparities in shortterm sickness absence among men.
